Background Previous research suggests that there are significant differences in health between urban and rural areas. The aim of this study is to describe the pattern and magnitude of urban-rural variation in health in Scotland and to examine the factors associated with health inequalities in urban and rural areas.
Introduction
The influence of area-level deprivation on morbidity and mortality has been discussed in several studies. [1] [2] [3] [4] Geographical analysis at an area level is carried out as it is often difficult or impossible to obtain detailed information at the individual level. Once areas of poor health are identified, area-level analysis allows for the characteristics of these areas to be assessed and profiles created for areas experiencing poor health.
Small area studies of UK data have found regional differences in health, often related to material deprivation. [5] [6] [7] Previously, health differentials were believed to reflect the hypothesized picture of urban deprivation at one extreme and rural idyll at the other. However, these have been re-examined and a new picture has emerged with the most remote rural areas showing poorer health than their 'rural fringe' counterparts. 8 Studies have also investigated measurement of rural deprivation, and questioned the appropriateness of commonly used deprivation indicators such as Townsend and Carstairs indices, thought to be biased towards urban communities. 9, 10 In particular, the validity of components such as car ownership has been questioned and the search for alternative measures, incorporating indicators more suited to rural areas, is currently under investigation. 11 The aim of this study is to describe the pattern and magnitude of urban-rural variations in health in Scotland, using limiting long-term illness (LLTI) as a health indicator. Following the procedures used by Barnett et al., 9 the study investigates demographic and socio-economic factors associated with health inequalities in urban and rural areas, and in particular types of rural areas within Scotland.
Data and methods
LLTI data and a number of socio-economic variables from the 1991 Census are used in this study, aggregated to postcode sector level. LLTI is a self-reported health indicator and is used in this analysis as a measure of health at small area level. LLTI was defined in the Census as a long-term illness, health problem or handicap that limited daily activities or ability to work. For many respondents, including all those aged under 16 years, this question was answered by another member of the household.
Scotland has 138 761 postcodes nested within 895 postcode sectors and these in turn are nested within 56 local government districts. Postcode sectors have an average population size of 5000 people. A number of postcode sectors fall within more than one district. For the purposes of this study these postcode sectors were split to give 1002 postcode sectors, strictly nested within local government district.
Geographical investigations of health inequalities require a robust definition of area type. Specifically, in the study of urban-rural differences it is rurality that must be defined. Scotland has four large cities of population size greater than 125 000 in the year 2000 -Glasgow, Edinburgh, Dundee and Aberdeen. There is a concentration of towns in the central region, as well as a number scattered around the rest of the country both in more remote mainland Scotland and on the islands. An indicator of rurality would ideally take account of these geographical features.
The rurality indicator used in this study is formed by aggregating the Scottish Household Survey 12 rurality indicator, at postcode level, to postcode sector level. This classification system is not ordinal, but categorical, describing a type of area rather than a level of rurality. This rurality indicator attempts to reflect the geography of Scotland, defined on two parametersremoteness and population size. The distribution of postcode sector and population by this rurality indicator is shown in Table 1 . Eighty-four per cent of the population live in categories 1-4, the cities and commuter areas on the outskirts of the large cities, mostly in the central belt. Category 6 describes the remote larger towns, a distinctive feature of Scottish geography; and 15.2 per cent of postcode sectors are categorized as remote villages, inhabited by only 3.8 per cent of the population.
For simplicity of presentation, categories 1, 2 and 3 will be aggregated to give areas classified as 'Urban', and categories 4 and 5 as 'Rural fringe'; category 6 is 'Remote towns', category 7 is 'Accessible rural' and category 8 is 'Remote rural'. Recategorizing reduces the number of categories and minimizes cells with low counts. This allows for a more focused investigation of differing rural types, whose social characteristics are likely to vary considerably from one another. This rurality indicator, mapped by postcode sector, is shown in Fig. 1 .
Standardized illness ratios based on LLTI as reported in the 1991 Census were investigated for each rurality for those people aged under 65 years of age. Postcode sectors with total population size of less than 500 are eliminated from analysis at this stage for reasons of robustness. 13 The remaining 852 postcode sectors are ranked in order from highest to lowest standardized illness ratios.
A multilevel Poisson regression analysis was carried out similar to that of Barnett et al. 9 The data were split by age (categories 0-15, 16-29, 30-44, 45-59, 60-64 years) and gender to give 10 groupings at level 1 nested within each postcode sector (level 2), nested within local government district (level 3). The data were split into urban, rural fringe and three types of rural area, defined by population size and remoteness, and Poisson regressions were carried out to find the socio-economic and demographic variables associated with illness for each area type.
A further split was then made of the category defined as most remote and least densely populated, by calculating minor road density, using total length of B roads summed over geographical area. Multilevel Poisson modelling was carried out as before for each new data set created, to investigate more closely rural area heterogeneity and characteristics.
Results

LLTI and rurality
Standardized ratios of LLTI are obtained using the 1991 ageand sex-specific population of Scotland and 1991 LLTI Census data. Figure 2 shows the distribution of Standardized Illness Ratios (SIRs) for each of the postcode sectors with a population greater than 500, by rurality. These are represented by a boxplot for each rurality, where the interquartile range of values is depicted as a box and the median SIR by a black line dissecting the box. The remaining values exist in the tails of the boxplots. Extremes and outliers are omitted. The postcode sectors with the highest rates of illness are seen to be mostly urban, falling within or around the four cities. Those with the lowest rates, however, are scattered across all ruralities. There appears to be a large variation in rates amongst urban postcode sectors and a much smaller variation amongst the rural categories. The mean rate of illness is greater in urban areas than in rural, while those areas described as accessible rural have the lowest interquartile range of rates of illness. The SIR for the total population of Scotland aged under 65 in 1991 is 100. From Fig. 2 it is possible to see those ruralities that vary significantly from this reference value. Remote towns, accessible rural areas and remote rural areas all have an interquartile range falling below 100.
Socio-economic and demographic variables
Each of the five datasets is modelled using multilevel Poisson regression models. Of the socio-economic variables modelled, car ownership, social class, central heating and male unemployment did not improve the models when the other variables were included. The results are presented in Table 2 . For all the ruralities as age increases so does risk of illness. There is also a consistent pattern across all ruralities of women being less likely to report LLTI than men. This is in agreement with Barnett et al. 's 9 findings. The interaction between age and sex is significant for all models but that of remote rural areas. For all other variables the relative risks are interpreted in terms of a 1 per cent rise in the proportion of the population experiencing or displaying the explanatory variable in question. For example, in an urban postcode sector if the proportion of unemployed increases by 1 per cent the risk of an individual living within that postcode sector reporting LLTI increases by 2 per cent.
When socio-economic factors are added to all the models, the unexplained variation is seen to fall (see Table 4 ). In the urban and rural fringe models this drop is considerable; 89 per cent of variation is explained by the addition of socio-economic factors for the former, 87 per cent for the latter. Areas of remote towns also show a large (84 per cent) drop in variation. However, for the remaining area types the drop in variation is relatively small. Accessible rural has a percentage change of 56 per cent, whereas remote rural has a drop of 35 per cent.
Modelling LLTI using the socio-economic explanatory variables available appears more suitable for areas with larger populations and particularly unsuited to remote areas of small population sizes. The models for these areas have few significant factors, suggesting that these areas are either very heterogeneous in their social make-up or the variables used in the modelling process are unsuited, or a mixture of both. If the former is true, splitting the category up into smaller, more homogeneous subgroups should provide more appropriate areas for modelling.
The area described as remote rural is a geographically large part of Scotland. It accounts for 48.6 per cent of land mass and just 3.8 per cent of the population shown by the lightest shade of Fig. 1 . Using percentiles, remote rural is split into three area types by density of minor roads (i.e. the length of road per hectare). These percentiles are defined as follows with n, the number of postcode sectors falling into each category: new remote rural: areas with road density Ͼ 0.02, n ϭ 52; very remote rural: areas with 0.009 Ͻ road density Ͻ 0.02, n ϭ 50; most remote rural: areas with road density Ͻ 0.009, n ϭ 50. Table 3 details the demographic and socio-economic factors found to be significant for these three new sets of data and Table  4 shows the change in the magnitude and distribution of variation across area levels, with the addition of demographic and socio-economic factors to the model. The interaction between gender and age is now significant for all three models, with the health gender gap widening at ages 60-64 years.
The overall variance increases when gender and age are added to each model; however, the addition of socio-economic factors reduces the total variation by 89 per cent, 93 per cent and 74 per cent, respectively. These are comparable with the reduction in variation for urban and rural fringe models.
Discussion
Health appears to be generally better in rural areas than in urban areas, although there may be reason to believe that the best health is to be found in the rural fringe region. This is in line with Bentham's 8 observation of urban-rural inequalities in mortality. Such findings, however, are dependent on the way in which rurality is defined. Here rurality is defined by clusters made up of two components, settlement size and remoteness. Under this definition, the greatest rates of LLTI are found in urban areas and the lowest in both rural and urban areas. Variation in illness rates within rural areas is generally smaller than that for urban areas. In terms of health, urban areas appear to be most heterogeneous, spanning areas of very good to very bad health.
The association between deprivation and health in urban areas has been investigated in several studies. Are health and deprivation similarly associated in rural areas? In attempting to answer this question an appropriate indicator of rural deprivation is required.
Barnett et al. 9 carried out a similar analysis on data from the Southwest of England and suggested that rural areas may be 'too heterogeneous to be described by area-level measures of deprivation, particularly at high levels of aggregation'. The heterogeneous nature of rural areas is apparent in the current study. When all of 'rural Scotland' is modelled, few socioeconomic factors are found to be significant and the model itself is poor with high residual variation at all levels. However, when types of rural Scotland are investigated separately, area-level characteristics successfully predict health measures. The way in which rurality is defined and categorized is fundamental to the findings of such a study.
Socio-economic factors that are highly correlated with one another in urban areas are far less correlated in rural areas. The existence of socio-economic factors under investigation is a consequence of various characteristics related to the social, cultural and economic make-up of a community, and these differ depending on rurality type. In rural areas, for example, a car may be a necessity, whereas in urban areas it might be a luxury. Similarly, the availability of baths, central heating and number of rooms per resident have different implications in cities compared with remote villages. This is likely to be the underlying reason for previous studies concluding that such socioeconomic factors are inappropriate for modelling health in rural settings. The argument that has been made frequently in recent years is that factors commonly used to indicate urban deprivation are unsuited for indicating rural deprivation. 10, 15 Nevertheless, this study has shown that when areas are classified by type of rurality, these indicators may be used to predict health outcomes for all rurality types. It is not that these socio-economic factors are inappropriate for modelling health in rural areas, but that caution must be taken in the interpretation of findings in rural and urban models as these may be different. Rural populations are more heterogeneous than urban populations. The term 'rural Scotland' encompasses a broad range of people and places. Rural areas near large towns differ greatly in their social and environmental characteristics from very remote rural areas, far from any large settlements. Likewise, small remote towns differ from settlements of a similar size located near large cities. When split by road density, socioeconomic factors may be used to model health, even in the most remote rural areas. This method of analysis is useful only when the dataset is split by type of rurality and it is therefore difficult to make comparisons across the board. More useful would be an indicator that encompasses both rural and urban deprivation that may be used on Scotland as a whole. This would allow for comparisons of equal-sized settlements of different rurality types.
Limitations
The data used is in this study were extracted from the 1991 Census, whereas the Scottish Household rurality indicator is a classification index based on postcodes as they were in 2000. There may therefore be some misclassification for areas that have changed dramatically in this period. Recent government publications show net gains in population in West Lothian, North Ayrshire, East Lothian, Perth & Kinross and Aberdeen City during this time period, whereas the three island areas and the two mainland areas of Highland and Argyll & Bute experienced net losses.
15
The limitations of self-reported LLTI as an indicator of health must be considered. Studies carried out by Kelly and Baker 16, 17 and Dunnell and Dix 5 showed that people's perception of health relates strongly to their health behaviour in terms of requirement of healthcare services and health behaviour. Self-perceived poor health has also been shown to be a good predictor of subsequent mortality. 18 The argument for using LLTI in this instance, however, depends on its robustness as an indicator across differing ruralities. If self-perceived health remained a consistently fair indicator across urban and rural societies alike this would seem a valid choice of indicator. However, it may be the case that those living in rural areas perceive LLTI differently from those living in urban areas as a result of social and/or cultural differences, as suggested by Barnett et al. 9 Bentham et al. 19 discussed the possible association between deprivation and the likelihood of reporting rather than experiencing LLTI. Similar analysis carried out using mortality or morbidity data may give a better insight into the rural-urban differences, as well as allowing the identification of inequality for individual types of illness. Nevertheless, this study has highlighted the need for an adequate definition of rurality, reflecting the heterogeneity of rural areas. It is a first step to determining socio-economic factors associated with ill health within rural areas.
Conclusion
Previous research suggests that there are significant differences in health between urban and rural areas. This study shows that areas of Scotland with the highest SIRs are predominantly urban whereas the lowest SIRs are found in both urban and rural areas. Socio-economic factors associated with illness vary according to type of rurality. Recent studies have questioned the appropriateness of socio-economic factors commonly used as a proxy for urban deprivation in modelling the health of rural communities. Under a rurality indicator of 1-5, urban to rural, models for areas comprising accessible and/or remote villages find few of those socio-economic factors considered to be significantly associated with illness and a relatively small reduction in total variation in these models once socio-economic factors are included. However, when rural communities are further split by minor road length the relative reduction in variation and model fit sees a great improvement. These findings suggest that rural areas are heterogeneous in terms of their social make-up with relation to health, and must be subdivided into rural types. Socio-economic factors found to be significant in models of health for urban areas are also seen to be significant in rural models; however, their interpretation may differ. Further investigation of the definitions of rurality and rural deprivation in the study of geographical health patterns is required. The analysis of morbidity and mortality data rather than selfreported data is also recommended.
